A 9-kb repetitive DNA fragment (70-38) located near the centromere of the mouse X chromosome is amplified and translocated to an autosome in different inbred strains of mice. Jri situ hybridization and hybrid cell studies showed that probe 70-38 is located only on the X chromosome in mouse strains A/J,
INTRODUCTION
Repeated and satellite DNA sequences represent a large proportion of the eukaryotic genome and are likely to play an important role in chromosomal organization and function. Repeated DNA sequences can be interspersed in the genome, like the primate Alu sequences, or located at specific chromosomal sites. A number of chromosome-specific repeats have been isolated from both mice and humans (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Repeated DNA sequences confined to the mammalian X chromosome are interesting with respect to the conservation of linkage of genes on the X chromosome (1) (2) (3) 13) . We recently reported a repeated element located at the centromeric region of the mouse X chromosome (13) . This 9-kb DNA fragment is repeated about twenty times in the mouse genome. Here we demonstrate that this repeated element is amplified and present on an autosome, in addition to the X chromosome, In certain inbred mouse strains. The general term "translocation" is used throughout the present paper to describe our findings without connotation to mechanisms which are presented in the C57BL/6J (Fig. 1, lanes 1-8) . In contrast, mouse strains C57BL/10J, NZB/B1NJ, SJL/J, C57BL/10ScSn mdx, and PO (not shown) showed a 4-or 5-fold amplification (80-100 copies) of the repeat (Fig. 1, lanes 9-12) . The extent of amplification was determined by comparing the degree of hybridization of 70-38 to DNA from C57BL/6J and to dilutions of DNA from C57BL/10J.
The restriction enzyme patterns were found to be largely conserved be- (Fig. 2, lanes 1-2) . A less marked dosage difference between male and female mouse DNA was seen in mouse strains C57BL/1OJ or ScSn mdx, NZB/B1NJ, SJL/J and PO (Fig. 2, lanes 3-4) . This was confirmed by densitometric measurements along the lanes. Male to female dosage differences of 1:2 and about 1:1.4 were obtained for strains C57BL/6J and C57BL/10J, respectively, suggesting autosomal as well as X-chromosome linkage of 70-38 in the latter strain. The DNA sequence 70-38 did not cross hybridize to retroviral sequences corresponding to two common mouse retroviruses. Similarly there was no cross hybridization to a probe for the LINEI repeats (data not shown).
In situ hybridization to metaphase chromosomes from a male and a female mouse of each strain showed that DNA sequences homologous to probe 70-38 were located on the mouse X chromosome alone in mouse strains A/J, AKR/J, BALB/cJ, CBA/J, C3H/HeJ, C57BL/6J, DBA/2J and SWR/J. In contrast, in all of the mouse strains that showed amplification of 70-38 by Southern blot hybridization (see above), probe 70-38 showed an additional site of hybridization on one of three autosomes (chromosomes 11, 13, or 17) . Previous data had shown that in mouse strain C57BL/10ScSn mdx, probe 70-38 hybridized to the centromeric regions of both the X chromosome and chromosome 11 (13) . A similar distribution was seen in another C57BL/1O strain (C57BL/10J) (Fig. 3a) . In mouse strains SJL/J and PO, sequences homologous to probe 70-38 were present at the centromeric region of both the X chromosome and of chromosome 17 (Fig. 3b) , while in mouse strain NZB/B1NJ, probe 70-38 mapped to the centromeric region of the X chromosome and of chromosome 13 (Fig. 3c) .
These data suggested that DNA sequences homologous to probe 70-38 were translocated and amplified at different autosomal sites in different Inbred mouse strains. Alternatively, single copies of sequences homologous to probe 70-38 might be located on several mouse autosomes in all strains, and have been selectively amplified on a different autosome in different mouse strains.
To further distinguish between these two possibilities, probe 70-38 was hy-bridized to EcoRI-digested DNA from hybrid cell lines that lack the X chromosome but retain various mouse autosomes from strain BALB/cJ. Two mouse JC Chinese hamster hybrid cell lines, EBS-5Ag (which retains mouse chromosomes 1, 2, 3, 4, 6, 7, 8, 10, 12, 13, 15, 16, 17 and 19) and EBS-13Ag (which retains mouse chromosomes 2, 7, 12, 14, 15, 17 and 19) were examined. No hybridization of probe 70-38 was observed to DNA from these hybrid cells (Fig. 4a) . As a control, the same blots were hybridized with a single copy DNA sequence, mMT-1, located on mouse chromosome 8 (17) . The mMT-1 probe showed clear hybridization to DNA of hybrid EBS-5Ag, which retains chromosome 8, but not to DNA of hybrid EBS-13Ag, which lacks chromosome 8 (Fig. 4b) . This Southern blot analysis showed that single copies of 70-38 were not detectable in hybrid cells containing chromosomes 13 and 17 from strain BALB/cJ. Thus, it does not appear that the presence of multiple copies of sequence 70-38 on an autosome of some of the mouse strains results from the amplification of a single preexisting copy of the 70-38 sequence.
DISCUSSION
A low-repeat DNA sequence was shown to reside at the centromeric region of the mouse X chromosome. In the majority of inbred mouse strains, this repeated element was located exclusively on the X chromosome. However, in four mouse strains, our data suggest that sequences homologous to probe 70-38 were translocated from the X chromosome to an autosome and were amplified during or following the translocation event. The mechanisms of translocation and amplification are unclear. The structure of 70-38 appears to have been largely conserved during translocation and amplification. This is indicated by similarities in the major bands of the restriction enzyme digestion patterns in the different inbred mouse strains. Minor differences in the restriction enzyme digestion patterns seen in the strains with an autosomal site of 70-38, as compared to the other strains, were consistent, regardless of translocation to chromosome 11, 13, or 17. This similarity in the structure of the autosomal sequence homologous to 70-38 indicates that the mechanisms of translocation and amplification might be the same on the different autosomes.
Transposition and amplification of DNA sequences may be mediated by retroviruses. The repeat described here did not show homology to common retroviral sequences of mouse. In addition, retrovirus-mediated transposition is usually random throughout the genome while sequence 70-38 was translocated only to the centromeric region of autosomes. Chromosomal insertion of DNA sequences has also been reported to occur at the position of LINE repeats (21) . However, probe 70-38 did not show homology to a probe for a LINE repeat element that has a similar molecular structure on the X chromosome and on autosomes in human (19) .
Another possibility is that 70-38 has been translocated by unequal crossing over due to proximity to highly repetitive DNA located at the vicinity of the centromere (22) . The proximity of the centromeric regions in interphase nuclei could favor such exchanges; however, preliminary data of jLri situ hybridization of 70-38 to interphase nuclei indicate that DNA homologous to 70-38 is located at distinct, nonadjacent sites. Other DNA sequences that show quantitative and polymorphic variation between mouse strains are the ribosomal RNA genes located in the centromeric region of autosomes (23) . Analyses using restriction enzyme polymorphic markers suggest that the ribosomal RNA genes located on different autosomes evolve independently (24) . This correlates with the apparent lack of mouse chromosome association at the nucleolus formation. In contrast, in man where DNA exchanges were shown to take place between ribosomal RNA genes on different chromosomes, associations between nucleolar organizing regions frequently occur (25) . origins than most of the other mouse strains (27) . Further analysis of the repeat 70-38 and of related sequences in different mouse species may provide new information on rate and mechanisms of genomic evolution in mice.
